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I [0013] 
[Function] 

The optically electric field distribution and phase of each 
of waveguides in a channel waveguide array constituting an arrayed 
waveguide grating can be set according to the core opening width 
of each of the waveguides and the length of each of the waveguides 
obtained by adjusting a predetermined length of a waveguide equal 
to or shorter than about a wavelength of a signal light. 
[0014] 

In an optical signal processing circuit according to the 
present invention, the core opening width and length of each of 
the waveguides in the channel waveguide array are adjusted on the 
basis of the above-described principle. As a consequence, it is 
possible to control the optically electric field distribution and 
phase of the channel waveguide array, so as to control optical 
frequency characteristics in each of channels in an output channel 
waveguide. For example, it is possible to achieve optical 
frequency characteristics having a polarity reverse to that of 
dispersion characteristics of an optical fiber. In addition, it is 
possible to implement an arrayed waveguide grating in which each 
of the channels has flat optical frequency characteristics. 
[0015] 
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[Preferred Embodiments] 

Fig. 1 is a plan view showing the arrangement of an optical 
signal processing circuit according to the present invention. In 
Fig. 1, the optical signal processing circuit is constituted by 
connecting, in sequence on a substrate 20, a plurality of (or a 
single) input channel waveguides 11, a first sectorial slab 
waveguide 22, a channel waveguide array 23 including a plurality 
of, that is, N waveguides, which sequentially become longer with a 
predetermined waveguide length difference, a second sectorial slab 
waveguide 14, and a plurality of output channel waveguides 15. 
Here, the basic arrangement is identical to that of the arrayed 
waveguide grating in the prior art shown in Fig. 12 except for the 
first sectorial slab waveguide 22 and the channel waveguide 23. 
[0016] 

Fig. 2 is an enlarged view showing a structure in the 
vicinity of the first sectorial slab waveguide 22. A structure 
in the vicinity of the second sectorial slab waveguide 14 is 
identical to the first sectorial slab waveguide 12 in the prior 
art shown in Fig. 12. 
[0017] 

In Fig. 2, reference character R designates a. radius of 
curvature of the first sectorial slab waveguide 22; 2a, a core 
width of the input channel waveguide 11 and of each of the 
waveguides in the channel waveguide array 23; U, a core opening 
width of the input channel waveguide 11; si, a pitch between the 
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waveguides on the boundary between the input channel waveguide 11 
and the slab waveguide; D ± , a core opening width of an i-th 
waveguide (where i is 1 to N) from one end of the channel 
waveguide array 23; s 2 , a pitch between the waveguides on the 
boundary between the channel waveguide array 23 and the slab 
waveguide; and di and d 2/ lengths of tapered portions of the 
waveguides. Here, the core opening width U is constant, but the 
core opening widths D± of the waveguides are different from each 
other. 
[0018] 

In the present preferred embodiment, assume that a signal 
light having a frequency f (wavelength X = c/f) is incident into a 
center port in the input channel waveguide 11. The incident signal 
light is spread by diffraction in the first sectorial slab 
waveguide 22, to be then led to the channel waveguide array 23 
arranged perpendicularly to the diffracted plane. At this time, 
the intensity of optical power taken into each of the waveguides 
in the channel waveguide array 2 3 depends upon the core opening 
width Di of each of the waveguides. Here, the optically electric 
field amplitude of the i-th waveguide (where i is 1 to N) is 
represented by Bit(i) (a real number). The waveguides in the 
channel waveguide array 23 are arranged such that they become 
longer in sequence from the inside in Fig. 1 and from the right in 
Fig. 2 with a waveguide length difference AL. In addition, a 
predetermined waveguide length Q(i) equal to or less than about a 
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wavelength X is added to or subtracted from the length of the i-th 

waveguide . 

[0019] 

Here, assuming that reference character L c denotes the length 
of a rightmost waveguide (i = 1) , a phase # ± of light into the 
second sectorial slab waveguide 14 through the i-th waveguide is 
expressed as follows: 

<f>i. = /3 C {L C + (i-l)AL + Q(i)} ... (1) 
where reference character £ c designates a propagation constant of 
a waveguide. The light incident into the second sectorial slab 
waveguide 14 from the i-th waveguide multiplicatively interferes, 
and then, is emitted to a port according to the frequency f of the 
light (i.e., the center port at the output channel waveguide 15 in 
the present preferred embodiment) . 

*********** 

[0032] 

(First Preferred Embodiment) 

A description will be given below of an optical equalizer 
specifically exemplifying the optical signal processing circuit in 
a first preferred embodiment according to the present invention. 

*********** 

[0048] 

In Fig. 5, a solid line indicates phase characteristics of a 
fabricated optical equalizer: in contrast, a broken line indicates 
characteristics reverse to phase characteristics of an optical 
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fiber having a length L of 100 (km) with a dispersion a = -10 
(ps/km-nm) (p = -0.0252 (GHz)~ 2 in Equation (17)), that is, phase 
characteristics required for the optical equalizer. These 
measurement results show that the dispersion of the optical fiber 
can be accurately equalized within a frequency band of 50 GHz from 
fo-25 to fo+25 (GHz) . 
[0049] 

(Second Preferred Embodiment) 

Next, explanation will be made below on an arrayed waveguide 
grating having flat optical frequency characteristics, 
exemplifying the optical signal processing circuit in a second 
preferred embodiment according to the present invention. 

********** * 

[0054] 

' ... Fig. 6 illustrates a distribution of an optically 

electric field amplitude Bit(i); and Fig. 7 illustrates a 
distribution of an excessive length Q(i)A g of an optical path 
obtained by normalizing, with a wavelength X g (= X 0 /n c ) in the 
waveguide, the waveguide length Q(i) to be adjusted. Here, the 
core opening width D ± of the i-th waveguide on the boundary between 
the first sectorial slab waveguide 22 and the channel waveguide 
array 23 is determined by substituting 12 jum into D max in Equation 
(22) . This arrayed waveguide grating can be fabricated in the same 
manner as the optical equalizer. Fig. 8 illustrates measurement 
results of optical frequency characteristics of the arrayed 
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waveguide grating . 
[0055] 

As is clear from Fig. 8, flat optical frequency 
characteristics can be achieved in the vicinity of the center 
frequency (here, at an interval of 100 GHz) corresponding to each 
of the waveguides in the output channel waveguide 15, and further, 
a 3-dB bandwidth is increased up to 60 GHz from 27 GHz in the 
prior art. That is to say, the 3-dB bandwidth can be remarkably 
increased without degrading any crosstalk to an adjacent channel. 

*********** 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a plan view showing the arrangement of an optical 
signal processing circuit according to the present invention. 
[Fig. 2] 

Fig. 2 is an enlarged view showing a structure in the 
vicinity of a first sectorial slab waveguide 22. 

*********** 

[Fig. 5] 

Fig. 5 is a graph illustrating measurement results of phase 
characteristics of an optical equalizer. 
[Fig. 6] 

Fig. 6 is a graph illustrating a distribution of an 
optically electric field amplitude Bit(i) in the case where the 
present invention is applied to an arrayed waveguide grating. 
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[Fig. 7] 

Fig. 7 is a graph illustrating a distribution of an 
excessive length Q(i) /X g of an optical path in the case where the 
present invention is applied to the arrayed waveguide grating. 
[Fig. 8] 

Fig. 8 is a graph illustrating measurement results of 
optical frequency characteristics of the arrayed waveguide grating. 
*********** 

[Fig. 12] 

Fig. 12 is an enlarged view showing a structure in the 
vicinity of a first sectorial slab waveguide 12 (or a second 
sectorial slab waveguide 14). 
[EXPLANATION OF REFERENCE NUMERALS] 
10, 20 SUBSTRATE 

11 INPUT CHANNEL WAVEGUIDE 

12, 22 FIRST SECTORIAL SLAB WAVEGUIDE 

13, 2 3 CHANNEL WAVEGUIDE ARRAY 

14 SECOND SECTORIAL SLAB WAVEGUIDE 

15 OUTPUT CHANNEL WAVEGUIDE 
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Fig. 1 

ARRANGEMENT OF OPTICAL SIGNAL PROCESSING CIRCUIT ACCORDING TO 
PRESENT INVENTION 
INPUT OF LIGHT 
OUTPUT OF LIGHT 
N WAVEGUIDES 

Fig. 2 

STRUCTURE IN VICINITY OF FIRST SECTORIAL SLAB WAVEGUIDE 22 
SIGNAL LIGHT 
i-th WAVEGUIDE 

Fig. 5 

MEASUREMENT RESULTS OF PHASE CHARACTERISTICS OF OPTICAL EQUALIZER 

PHASE OF LIGHT (radian) 

OPTICAL FREQUENCY (f - f 0 ) (GHz) 

Fig. 6 

DISTRIBUTION OF OPTICALLY ELECTRIC FIELD AMPLITUDE Bit(i) IN CASE 
WHERE PRESENT INVENTION IS APPLIED TO ARRAYED WAVEGUIDE GRATING 
OPTICALLY ELECTRIC FIELD AMPLITUDE Bit (i) 
WAVEGUIDE NUMBER i OF CHANNEL WAVEGUIDE ARRAY 23 

Fig. 7 

DISTRIBUTION OF EXCESSIVE LENGTH Q(i)A g OF OPTICAL PATH IN CASE 
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WHERE PRESENT INVENTION IS APPLIED TO ARRAYED WAVEGUIDE GRATING 
EXCESSIVE LENGTH Q(i)A g OF OPTICAL PATH 
WAVEGUIDE NUMBER i OF CHANNEL WAVEGUIDE ARRAY 23 

Fig. 8 

MEASUREMENT RESULTS OF OPTICAL FREQUENCY CHARACTERISTICS OF 
ARRAYED WAVEGUIDE GRATING 
LOSS (dB) 

OPTICAL FREQUENCY (f - f 0 ) (GHz) 
Fig. 12 

STRUCTURE IN VICINITY OF FIRST SECTORIAL SLAB WAVEGUIDE 12 (OR 
SECOND SECTORIAL SLAB WAVEGUIDE 14) 
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Figures with English translation 



ARRANGEMENT OF OPTICAL SIGNAL PROCESSING 
CIRCUIT ACCORDING TO PRESENT INVENTION 
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Figure 2 



MEASUREMENT RESULTS OF PHASE 
CHARACTERISTICS OF OPTICAL EQUALIZER 
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Figure5 
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DISTRIBUTION OF OPTICALLY ELECTRIC FIELD 
AMPLITUDE Bit(i) IN CASE WHERE PRESENT INVENTION IS 
APPLIED TO ARRAYED WAVEGUIDE GRATING 



Optical electric 
field amplitude £ 

Bit(i) 1.8 




Waveguide number i of channel waveguide 
array 23 



Figure 6 
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